Colombian colubrid snake venoms have been poorly studied. They represent a great resource of biological, ecological, toxinological and pharmacological research. We assessed some enzymatic properties and neuromuscular effects of Erythrolamprus bizona and Pseudoboa neuwiedii venoms from Colombia. Proteolytic, amidolytic and phospholipase A 2 (PLA 2 ) activities were analyzed using colorimetric assays and the neuromuscular activity was analyzed in chick biventer cervicis (BC) preparations. The venom of both species showed very low PLA 2 and amidolytic activities; however, both exhibited high proteolytic activity, which in E. bizona venom surpassed that of P. neuwiedii venom. E. bizona and P. neuwiedii venoms provoked partial neuromuscular blockade, which was more prominent in P. neuwiedii venom. E. bizona venom (30 mg/ml) induced a significant potentiation of the contracture response to exogenous ACh (110 mM), which was not accompanied by twitch height alteration, whereas the highest venom concentration (100 mg/ml) inhibited contracture responses to both ACh and KCl (40 mM). In contrast, P. neuwiedii venom (30 and 100 mg/ml) caused significant reduction in the contracture responses to exogenous ACh and KCl. The morphological analyses showed high myotoxic effects in the muscle fibers of BC incubated with either venoms; however, they are more prominent in the P. neuwiedii venom. Our results suggest that the myotoxicity of the venom of the two Colombian species can be ascribed to their high proteolytic activity. An interesting data was the potentiation of the ACh-induced contracture, but not the twitch height, caused by E. bizona venom, at a concentration that is harmless to muscle fibers integrity. This phenomenon remains to be further elucidated, and suggest that a possible involvement of post-synaptic receptors cannot be discarded. This work is a contribution to expand the knowledge on colubrid venoms; it allows envisaging that the two venoms offer the potential to go further in the identification of their components and biological targets.
Introduction
The oral secretions of most rear-fanged colubrid snakes analyzed around the world so far have shown important biological and enzymatic properties which are similar to those of venoms from front-fanged snakes (Modahl et al., 2016; Saviola et al., 2014) . For this reason, the characterization of their venoms is important for detection of biologically-active compounds.
During the last few years, there has been a growing interest in the study of colubrid venoms from South American snakes Assakura et al., 1992; Fontana et al., 1996; Lemoine et al., 2004; Lemoine and Rodríguez-Acosta, 2003; Peichoto et al., 2004 Peichoto et al., , 2005 Peichoto et al., , 2006 Rocha et al., 2006; TorresBonilla et al., 2016; Estrella et al., 2011; Peichoto and Santoro, 2016; Prado-Franceschi et al., 1998; Zelanis et al., 2010) . Colombia has approximately 35 species of opistoglyphous colubrid snakes, which ones represent a great resource for biological, ecological, toxinological and pharmacological research (Peñuela-G omez, 2010) .
The neurotoxic effects of several colubrid snakes have been assessed using chick biventer cervicis neuromuscular preparations. The gland maceration extract from the swamp jararacussu (Dryadophis bifossatus) irreversibly inhibited indirect muscle twitch responses (Fontana et al., 1996) ; and the venoms of Philodryas olfersii and P. patagonensis produced potent post-synaptic neuromuscular blockade (Carreiro da Costa et al., 2008; Prado-Franceschi et al., 1996) . Lumsden et al. (2004) examined the relative neurotoxicity of venoms from different colubrid species; venoms from five species, Boiga dendrophila dendrophila, B. dendrophila gemincincta, B. irregularis, B. nigriceps and Telescopus dhara, showed neurotoxic potency similar to the exhibited by elapid venoms, known to cause severe envenomation, thus reflecting the presence of potent a-neurotoxins. Venom from Trimorphodon biscutatus showed an evident presynaptic action, while venoms from Ahaetulla prasina, Enhydris chinensis and Leioheterodon madagascarensis exhibited no neurotoxic activity. Torres-Bonilla et al. (2016) reported that the venom of Leptodeira annulata caused partial blockade of the twitch responses and provoked morphological alterations in vitro. Moreover, several investigations have described the purification and pharmacological characterization of postsynaptic neurotoxins from the venom of B. d. dendrophila (Lumsden et al., 2005; Pawlak et al., 2006) , B. irregularis (Pawlak et al., 2009 ), Coelognathus radiatus (Fry et al., 2003) , Rhamphiophis oyrhynchus (Lumsden et al., 2007) and a taxon-specific neurotoxin from Oxybelis fulgidus venom (Heyborne and Mackessy, 2013) . Such wide diversity of species and distinct effects reinforces the largely untapped pharmacological potential of colubrid snake venoms.
Erythrolamprus bizona (Fig. 1A) is a tricolored coral snake mimic of moderate size, which occurs in Pacific lowland dry forests, premontane and wet forests and lower montane wet forests (Savage, 2002) . E. bizona snake is an uncommon diurnal specimen and its diet consists in other snakes and lizards; it is widely distributed from the South of Costa Rica, throughout Colombia and Northern Venezuela (Savage, 2002) . Pseudoboa neuwiedii (Neuwied's false boa) (Fig. 1B) is an endemic species from Northern South America of about 1 m size with a reddish brown dorsal color with some scattered small black spots (Boos, 2001) . It feeds on lizards, other snakes, small mammals and its distribution comprises the mainland of South America from Colombia to the Guianas, including Trinidad and Tobago and throughout the Amazonas River from Brazil (Boos, 2001 ).
The biological properties and toxic effects of E. bizona venom have been poorly assessed due to its uncommon occurrence and encounters. Lemoine and Rodríguez-Acosta (2003) reported high hemorrhagic, proteolytic and neurotoxic effects in vivo and in vitro for this snake venom in Venezuela. However, in the case of P. neuwiedii venom there is no report about its properties or effects. In this work, we investigated some enzymatic activities and the neuromuscular effects of Erythrolamprus bizona and Pseudoboa neuwiedii venoms in avian nerve-muscle preparations.
Materials and methods

Reagents and venom
Acetylcholine chloride and potassium chloride were obtained from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). All salts for the physiological solutions were of analytical grade. E. bizona and P. neuwiedii venom were pools collected from adult snakes of both sexes maintained at Laboratorio de Herpetología, Eco-Fisiología y Etología of the Universidad del Tolima (Colombia). The venom was collected using micropipettes placed over the enlarged rear fangs and then lyophilized and stored at À20 C (Assakura et al., 1992; Ferlan et al., 1983) ; when required, the venom was freshly dissolved in physiological solutions prior to use.
Animals
Male chicks (4e8 days old, HY-line) were provided by Globo Aves Agricola Ltda. (Campinas, SP, Brazil) and housed in metal cages with a sawdust substrate. The animals had free access to food and water. This study was approved by the Institutional Committee for Ethics in Animal Use (CEUA/UNICAMP, protocol no. 2267-1) and followed the general ethical guidelines of the Brazilian Society for Laboratory Animal Science (SBCAL).
Chick biventer cervicis nerve-muscle (BC) preparation
Chicks were euthanized with isoflurane and the biventer cervicis muscles were removed and mounted under a resting tension of 1 g in a 5 ml organ bath (Panlab, Spain) containing aerated (95% O 2 and 5% CO 2 ) Krebs solution (composition in mM: NaCl 118.7, KCl 4.7, CaCl 2 1.88, KH 2 PO 4 1.17, MgSO 4 1.17, NaHCO 3 25.0 and glucose 11.65, pH 7.5) at 37 C (Ginsborg and Warriner, 1960) . Supramaximal field stimuli (0.1 Hz, 0.2 ms) were delivered to the nervemuscle preparations from a LE 12406 TC stimulator (Panlab, Spain) and the muscle twitches were recorded using a TRI201AD force displacement transducer coupled to a Quad Bridge Amp and Contractures to exogenous acetylcholine (ACh, 110 mM) and potassium chloride (KCl, 40 mM) were recorded in the absence of electrical stimulation, before and after addition of venom, in order to investigate possible myotoxic and neurotoxic activities (Harvey et al., 1994) . After reaching maximal contractures responses, the preparations were subsequently washed by physiological solution (Krebs) and maintained under field stimulation, with the preparations being allowed to stabilize for at least 20 min before adding venoms (30 and 100 mg/ml). Twitches responses were recorded for up to 120 min or until complete blockade and compared to those basally recorded in Krebs solution-incubated control preparations; contracture responses to exogenous ACh and KCl were expressed as a percentage of the initial baseline contractures, considered as 100%.
Morphological analysis
After incubation for 120 min with either E. bizona or P. neuwiedii venoms (at either 30 or 100 mg/ml concentrations) or Krebs solution alone (control group) (n ¼ 4/group), BC preparations were washed in physiologic solution and immediately fixed in 10% formaldehyde overnight. Then, they were washed for 30 min in 0.1 M phosphate-buffered saline followed by washing for 30 min in distilled water prior to storage in 70% ethanol overnight. The samples were dehydrated in graded ethanol series (80%, 95% and 3 Â 100%), cleared in three xylene baths (1:1 ethanol:xylene, pure xylene and 1:1 xylene:paraffin) and finally embedded in paraplast.
Three sets of 2e5 sections (5 mm thick) per group and sets separated apart from each other by 100 mm were cut and mounted on plain glass slides for hematoxylineeosin (HE) staining. The muscle sections were examined with an Olympus light microscope (Olympus, Tokyo, Japan) and the images then captured and analyzed qualitatively using Image ProPlus 6.0 software (Media Cybernetics Inc., Bethesda, MD, USA).
Enzymatic assays
The enzymatic assays were assessed according to the essentially described by Torres-Bonilla et al. (2016) . Briefly, colorimetric methods using specific substrates for proteolytic (azocasein), amidolytic (N-benzoyl-L-arginine r-nitroanilide) and phospholipase A 2 (phosphatidylcholine) activities were assessed. All assays were done in a SpectraMax 190 multiwell plate reader (Molecular Devices Corporation, Sunnyvale, CA) and reactions defined according to each method.
Statistical analysis
Changes in the values of enzymatic assays and twitch-tension responses of BC preparations were expressed as percentage relative to baseline (t 0 ) values. The data were expressed as the mean ± SEM and statistical comparisons were done using Student's t-test or ANOVA followed by the Tukey post-hoc test, with p < 0.05 indicating significance. All data analyses were done using Microcal Origin software 8E (Microcal Software Inc., Northampton, MA, USA).
Results
Neuromuscular effects of Erythrolamprus bizona venom on BC preparations
E. bizona venom (30 and 100 mg/ml) caused 20 ± 10% and 40 ± 10% of neuromuscular blockade, respectively, after 120 min incubation ( Fig. 2A ). E. bizona venom (30 mg/ml) also induced a marked increase of the contracture responses to KCl (40 mM), although not significantly (154 ± 28% increase compared to basal contracture considered 100%, p ¼ 0.1516, n ¼ 4); however, the highest concentration (100 mg/ml) caused a significant reduction of these contractures after 120 min incubation (87 ± 4% of reduction compared to basal values, p < 0.05, n ¼ 4) (Fig. 2B) . Furthermore, the E. bizona venom at 30 mg/ml provoked a significant overstimulation of 162 ± 16% in the contracture elicited by ACh 110 mM (p < 0.05, n ¼ 4), at same time that the highest concentration (100 mg/ml) caused a significant reduction of 30 ± 3% in the AChinduced contracture (p < 0.05, n ¼ 4) (Fig. 2B ). Fig. 2C shows a representative twitch-tension recording throughout the 120 min incubation with E. bizona venom (30 mg/ml).
Neuromuscular effects of Pseudoboa neuwiedii venom on BC preparations
The P. neuwiedii venom (30 and 100 mg/ml) induced a concentration-dependent partial neuromuscular blockade in BC preparations after 120 min incubation (50 ± 5% and 65 ± 0.4%, respectively, Fig. 3A) . The venom at 30 and 100 mg/ml provoked a significant reduction in the contracture response elicited by exogenous ACh 110 mM (55 ± 6% and 60 ± 9% of reduction, respectively, p < 0.05, n ¼ 4) compared to basal values (Fig. 3B) . In addition, both concentrations produced a significant reduction of 66 ± 12% (30 mg/ ml) and 97 ± 0.5% (100 mg/ml) in the contracture response induced by KCl 40 mM (p < 0.05, n ¼ 4) (Fig. 3B) . The venom reached a 50% blockade after~80 min incubation. Fig. 3C shows a representative twitch-tension recording throughout the 120 min incubation with P. neuwiedii venom (30 mg/ml).
Morphological alterations of Erythrolamprus bizona venom
E. bizona venom caused notable morphological alterations in the muscle fibers of chick biventer cervicis. Fig. 4 shows the morphology of cross-sectioned muscle fibers from preparations incubated with Krebs solution (control, Panel A) and incubated with 30 and 100 mg/ml of venom (Panel B and C, respectively); all for 120 min. There was no evident damage of fibers with the lowest concentration apart from widening of intercellular space among the bundle of fibers. In contrast, after incubation with the highest concentration, there was disorganization of the muscle fascicles and expressive muscle fibers damage in combination with apparent interstitial edema, fiber separation and extensive necrosis.
Morphological alterations of Pseudoboa neuwiedii venom
P. neuwiedii venom provoked extensive histopathological alterations in the muscle fibers of biventer cervicis preparations. Light microscopy shows that the level of muscle fibers damage directly correlated with the tested venom concentrations. Fig. 5 illustrates the morphology of the muscle incubated with Krebs solution (control, Panel A) and those incubated with 30 and 100 mg/ml venom concentrations (Panel B and C, respectively), all for 120 min. The fibers lost their normal and typical polygonal cross profile resulting in great heterogeneity in size, with presence of tiny and swollen edematous fibers or vacuolated fibers that likely resulted from sarcolemma damage and thus failure of permeability regulation.
Enzymatic activities
The enzymatic assays revealed that E. bizona and P. neuwiedii venoms exhibit high proteolytic activity, with that of E. bizona almost twice the found for P. neuwiedii. Amidolytic activity was practically absent and phospholipase A 2 activity was very slight. The values for enzymatic activity are summarized in Table 1 .
Discussion
The biological properties and toxic effects of venom from most of the Colombian colubrid species remain unknown so far (Peñuela-G omez, 2010). Erythrolamprus bizona, known as coral snakes mimic and Pseudoboa neuwiedii, known as Neuwied's false boa, have a special diet composed of other snakes (ophiophagy), lizards and small mammals (Boos, 2001; Savage, 2002) . There are no reports on the neuromuscular activity of venom from both species; and this is the first report of the pharmacological properties and activities from Pseudoboa neuwiedii venom.
In this research, Erythrolamprus bizona venom showed a milder neuromuscular effect in avian nerve-muscle preparations, in comparison to the elicited by P. neuwiedii venom (40% vs. >60%, respectively). The reduction of the contracture responses to KCl and the notable morphological alterations induced by E. bizona in BC preparations indicate that the blockade of the twitch response carried out by the highest venom concentration (100 mg/ml) likely resulted from myotoxicity and not from neurotoxic origin, likewise for other colubrid venoms (Levinson et al., 1976; Lumsden et al., 2004; Prado-Franceschi et al., 1996; Young, 1992) . In agreement, the inhibition of the contracture response to exogenous ACh and KCl suggest an unspecific muscular effect, which led to partial blockade provoked by this venom concentration. Nonetheless, the lowest venom concentration tested (30 mg/ml) caused an uncommon significant super stimulation in the response to exogenous ACh, without increasing the twitch response. Some hypotheses were raised to explain this phenomenon. One of those would be a venom effect against acetylcholinesterase, but there was no increase in the twitch height. We also speculated if the venom at the lowest concentration could have "activated" nicotinic receptors, but there was no way to solve this question now. Due to the extremely low yields of venom that we could obtain from the Duvernoy's gland from E. bizona it was not possible to determine the exact mechanism of action of this effect presently. Further studies with this venom concentration or lowest will be needed in order to confirm and/or elucidate this neurotransmitter release potentiating effect. Similarly, Pseudoboa neuwiedii venom showed a partial, but concentration-dependent blockade in chick biventer cervicis preparations, whose potency though was higher than the elicited by E. bizona. The abolishment of the contracture response to exogenous KCl evidences an effect on muscle damage occasioned by the venom and may suggest that the blockade observed could be produced mainly by the proteolytic effect on the muscle fibers and consequent of the pathological states compromising the twitch responses. Table 2 shows a comparative chart of the neuromuscular blockade produced by venoms of several colubrid species after 60 min incubation in BC preparations. E. bizona and P. neuwiedii venoms showed to be less active in BC preparations compared to most colubrid snake venoms tested in this type of neuromuscular preparation, although they have induced a neuromuscular blockade more pronounced than three colubrid species, i.e., Enhydris chinensis, Ahaetulla prasina and Leioheterodon madagascariensis.
The E. bizona and P. neuwiedii venoms showed a quite similar enzymatic profile, stressing a higher proteolytic expression for E. bizona, very low phospholipase A 2 and practically absent amidolytic activity. These profiles match with other colubrid venoms in general (Carreiro da Costa et al., 2008; Hill and Mackessy, 2000; Fig. 4 . Muscle histological alterations induced by Erythrolamprus bizona venom in BC preparations. At the end of each incubation (120 min, n ¼ 4/venom concentration), the preparations were processed for histological analysis as described above. E e edematous fiber, N e necrosis. Hematoxylin-eosin staining. Bars represent 50 mm. venom (B, C) for 120 min. The preparations were processed for histological analysis as described above. E e edematous fibers, V e vacuolated fibers, N e necrosis. Hematoxylin-eosin staining. Bars represent 50 mm. -Bonilla et al., 2016; Weinstein and Kardong, 1994; Weinstein and Smith, 1993) . The proteolytic activity observed here for both species is as high as for other colubrid snake venoms, showing that proteases action appears to be the most important activity in many colubrid venoms (Hill and Mackessy, 2000; Mackessy, 2002) . Nevertheless, a precise comparison of the magnitude of the proteolytic activity among the different colubrid species is not easy due to different methodology employed, venom concentrations used and age and feeding habits of animals. Taking into account previous observations and reports of the effects on tissues produced by other colubrid snakes, most of these venoms might content hemorrhagic toxins, which should be metalloproteases (Hill and Mackessy, 2000) . This fact is in accordance with the high hemorrhagic in vitro and in vivo and proteolytic activities through a gelatin substrate found for E. bizona venom from Venezuela (Lemoine and Rodríguez-Acosta, 2003) . In Viperidae snakes in general, high proteolytic activity is the most important effect in predigestion of prey tissues, thus, facilitating its complete digestion, wider geographic distribution and activity patterns (Thomas and Pough, 1979) . Likewise, the colubrid venoms proteases, which promote tissue damage, probably also have a correlation with the prey type, distribution of the species and the activity patterns. E. bizona and P. neuwiedii are widely distributed in Colombia, occurring at high and low lands in several mountain height ranges; their venom, which is mainly proteolytic, may have provided these species with enough conditions to live in variable environments and get used to different kind of preys (Hill and Mackessy, 2000) .
Torres
The muscle alterations provoked by E. bizona and P. neuwiedii were very similar, standing out an important muscle damage with the higher venom concentrations, although, it was more evident and acute with P. neuwiedii venom being concentration-dependent. The morphological changes here observed also agree with the effect on tissues registered for other American colubrid snakes Carreiro da Costa et al., 2008; Prado-Franceschi et al., 1996 , 1998 Torres-Bonilla et al., 2016) , some Bothrops venoms (Floriano et al., 2013; Guti errez and Cerdas, 1984; Guti errez et al., 1984) and Micrurus venom (Renjifo et al., 2012) . Morphological changes include a wider intercellular space, hypercontraction, edema formation, heterogeneous sized fibers and sarcolemma rupture of fibers, which altogether, contribute for the disarray of the muscle fascicles architecture. We might suggest that the different severity of muscle damage observed between both venoms underlies the potency and capacity of P. neuwiedii venom to produce alterations at lower concentrations than E. bizona venom.
The in vitro myotoxic effect caused by both venoms on the BC muscle fibers probably was provoked by the high proteolytic activity shown in the colorimetric assay through azocasein, inducing an indiscriminate damage on the sarcolemma and subsequently degradation of extracellular matrix components and disorganization of the perimysium connective tissue. Nevertheless, in this research, the myonecrosis observed in chick biventer cervicis muscle fibers was not enough to generate a complete neuromuscular blockade, and mainly with E. bizona venom.
In conclusion, the neuromuscular effects induced by The values are the mean ± SEM; n ¼ 3. *p < 0.05 compared to the respective concentrations of P. neuwiedii venom (one-way ANOVA followed by Tukey post-hoc test). (Lumsden et al., 2004) . b (Fontana et al., 1996) . c (Carreiro da Costa et al., 2008) . d (Prado-Franceschi et al., 1996) . e This work. f (Torres-Bonilla et al., 2016).
Erythrolamprus bizona and Pseudoboa neuwiedii venoms in chick biventer cervicis nerve-muscle preparations appears to be mainly related to the muscle damage produced in consequence of their high proteolytic activity. P. neuwiedii venom seems to have a greater myotoxic activity than E. bizona. Whether the myotoxic activity of E. bizona masks some putative effect on nicotinic receptors is unknown; however, the potentiation elicited by its lowest concentration could represent evidence that the venom can modulate positively post-synaptic receptors. Further studies will be necessary to elucidate the question.
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